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Abstract
Critical phenomena in non-equilibrium systems have been studied by means of a
wide variety of theoretical and experimental approaches. Mode-coupling, renormaliza-
tion group, complex Lie algebras and diagrammatic techniques are some of the usual the-
oretical tools. Experimental studies include light and inelastic neutron scattering, X-ray
photon correlation spectroscopy, microwave interferometry and several other techniques.
Nevertheless no conclusive treatment has been developed from the basic principles of a
thermodynamic theory of irreversible processes. We have developed a formalism in
which we obtain correlation functions as field averages of the associated functions. By
applying such formalism we attempt to find out if the resulting correlation functions
will inherit the mathematical properties (integrability, generalized homogeneity, scaling
laws) of its parent potentials, and we will also use these correlation functions to study the
behavior of macroscopic systems far from equilibrium, specially in the neighborhood of
critical points or dynamic phase transitions. As a working example we will consider the
mono-critical behavior of a non-equilibrium binary fluid mixture close to its consolute
point.
Keywords: dynamic critical phenomena, extended irreversible thermodynamics, Corre-
lation function, Critical exponents, Binary fluid mixture.
1 Introduction
The physical description of systems close to critical points has been attempted from sev-
eral standpoints ranging from the pure description of the critical opalescence of liquids by
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Andrews in the XIXth century to modern approaches based on the application of Quantum
Field theoretical tools such as various kinds of renormalization procedures [1], non-affine
algebraic structures, etc. Thermodynamically based descriptions of such systems are also
available [2, 3, 4]. From the days of van der Waals, passing through Landau and Ginzburg,
thermodynamic studies of critical properties have been related to geometrical properties of
the thermodynamic state space. Different geometrical features were invoked: accidental geo-
metrical relationships to describe coexistence or multi-criticality [3]; a Riemannian geometric
conjecture relating the thermodynamic curvature with the correlation length and the free en-
ergy [5], etc.
Since critical phenomena involves strong dynamic behavior of fluctuations which induces
abnormal transport, a non-equilibrium study will be adequate. Most dynamic studies of criti-
cal systems have been carried out based on the development of a description of internal modes
known as mode-coupling theory. The pioneering works of Fixman [6] and Kawasaki [7] as
well as others [8, 9, 10, 11] developed into a robust theory compatible with the experimen-
tal evidence from scattering and sound attenuation studies [12, 13, 14, 15]. Unfortunately
the mode-coupling framework commonly invokes the use of the so-called generalized hydro-
dynamics [16] based upon a linear (classical) version of the thermodynamics of irreversible
processes. Linear irreversible thermodynamics assumes that the media under consideration
could be taken as an equilibrium thermodynamic system pointwise, that is, that the quantities
used to characterize an equilibrium state exist as continuous space-time functions. It is im-
portant to stress that not all thermodynamic systems could be viewed as these continua since
in most cases there are domains or regions which either being composed of aggregates (like
colloids and macromolecules on a suspension) or because of an uneven distribution of some
property (anisotropic stress distribution, concentration domains, etc.) violate this pointwise
equilibrium hypothesis which has been called the local equilibrium hypothesis [17].
As it is known linear irreversible thermodynamics involves an assumption in the form
of the already mentioned local equilibrium hypothesis stating that the description of sys-
tems close to equilibrium depends just on a local field evaluation of equilibrium quantities.
Notwithstanding this condition mode-coupling theory often includes non-local effects due
to the presence of non-equilibrium phenomena in the form of viscous and diffusive modes
[14]. These effects induce non-locality in space or time because of the presence of regions or
domains. For example, in a system with concentration domains, mass diffusion occurs and
so the concentration in one point is changing in time, thus this point is not on an equilibrium
condition. If the concentration gradients are small, as is the case when the equilibrium state
is almost reached, one can find regions in which the concentration field is almost homoge-
neous and, in this case the local equilibrium will be a good approximation. Of course, this
is not the case if the system presents very large values of fluctuations, since the relaxation
of these fluctuations will induce domains that will produce transport processes, violating the
local equilibrium assumption.
